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Abstract: Salmonella enterica is one of the major causes of bacterial foodborne infection. The
aims of this study were to determine the antibiotic resistance and the genetic diversity of Salmonella
enterica isolated from street foods and clinical samples and to understand the correlation between
the prevalence of serovars and genotypes with their source (street food and clinical samples) and
geographic origin (Negeri Sembilan, Malacca and Selangor in Peninsular Malaysia). The
enterobacterial repetitive intergenic consensus (ERIC) PCR analysis distinguished the Salmonella
isolates into 19 ERIC types, with one untypable isolate.  Dendrograms were specifically constructed
for the S. Biafra and S. Typhi isolates. Identical or very similar ERIC types among the S. Biafra
isolates from street food samples indicate transmission of the S. Biafra among the street foods, as
well as possible cross-contamination of the street foods. In addition, the identical or very similar
ERIC types among the S. Typhi isolates from human samples examined suggest possible similarity
in their source of infection. All the twenty four isolates were resistant to rifampin and none were
resistant to cefuroxime. Most isolates displayed multiple resistances. Dendrogram of antibiotic
resistances produced six clusters, with similarity levels between 18.8% and 100%. Generally, street
food and clinical isolates tend to cluster apart. Dendrogram to cluster the antibiotic groups
showed that they could be grouped according to classes based on mode of inhibition. The findings
suggest that street food contaminated with drug-resistant Salmonella enterica can be an important
factor in the continuous emergence of antibiotic resistant Salmonella enterica.
Key words: Salmonella enterica, street food, clinical sample, antibiotic resistance, clustering
analysis, ERIC-PCR
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INTRODUCTION
Salmonella is considered to be the cause of the
largest number of outbreaks, cases, and
fatalities that result from food borne infections
among enteric pathogens. Mrema et al. (2004)
reported that in the United States,
salmonellosis is estimated to affect 1.4 million
people each year, and 95% of the cases are
food borne. In developing countries, street
foods in particular have been reported to be
contaminated with Salmonella and have been
implicated in a few outbreaks of food borne
diseases (Mankee et al., 2003). Salmonellosis
is caused by the two species of Salmonella;
Salmonella enterica and Salmonella bongori, and
it is an infectious disease of humans and
animals.
Antibiotics such as chloramphenicol,
ampicillin and sulphamethoxazole are first-
line antibiotics used for the treatment of
salmonellosis. However, Salmonella strains
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which are resistant to these first-line antibiotics
have recently emerged worldwide, and is
causing great concern. With that increase, the
risk to public health has also increased
(Current Topics, 1995). It is particularly
serious in low-resource countries where
bacterial infections remain among the major
causes of death, especially in childhood
(Bartoloni et al., 2005). Surveillance of
antibiotic resistance is a key element for
providing updated information on the
magnitude and trends in resistance and for
planning and monitoring inter vention
strategies targeted at preser ving the
therapeutic efficacy of antimicrobial agents.
A variety of DNA-based genotyping
methods are now been utilized to delineate
epidemiological relationships between various
isolates. Rapid typing methods are needed to
differentiate Salmonella spp. for the
identification of sources of contamination in
food-processing, and also for epidemiological
surveillance and the monitoring of food borne
outbreaks (Lim et al., 2005). Enterobacterial
repetitive intergenic consensus (ERIC)
sequence is a short interspersed repetitive
nucleic-acid sequence which was originally
found in Escherichia coli and S. Typhimurium.
Recently, this technique has been proven to
be useful in epidemiological studies of various
isolates. However in Malaysia, to the best of
our knowledge there is no information on
antibiotic resistance and other
characterization of Salmonella species isolated
from street foods. Thus, this study was carried
out to characterize Salmonella isolates using
antibiotic resistance and ERIC.
MATERIALS AND METHODS
Bacterial Strains Used
The 24 isolates of Salmonella examined for
antibiotic resistance in this study were isolated
from street food and clinical samples (Tunung
et al., 2007). 129 samples of street-vended foods
and iced drinks were collected from randomly
visited locations in Selangor, Federal Territory,
Negeri Sembilan and Malacca, while 12 rectal
swabs samples were obtained from patients
suspected with human salmonellosis at a
hospital in Klang, Selangor. Food samples
(25g) or iced water samples (25 ml) were
homogenized in 225 ml of buffered peptone
water (Oxoid, Basingstoke, UK) and the rectal
swabs were each used to inoculate 225 ml of
buffered peptone water. The pre-enrichments
were incubated at 37oC for 24 hours, and 1 ml
culture from buffered peptone water was
transferred to 10 ml selenite cystine broth
(Oxoid, Basingstoke, UK). After incubation at
37oC for 24 hours, 0.1 ml of the selective
enrichment broth was spread-plated on xylose
lysine desoxycholate agar (XLD) and Bismuth
Sulfite Agar (BSA) (Oxoid, Basingstoke, UK).
The plates were incubated at 37oC for 24 hours
and the presumptive Salmonella spp. colonies
obtained were identified through biochemical
and serological tests.
Antibiotic Resistance Test
The 24 isolates of Salmonella were grown
overnight at 37oC. The antimicrobial resistance
tests conducted was carried out following the
standard disc diffusion method described by
Bauer et al. (1966). The antibiotic susceptibility
discs used for the tests were purchased from
Oxoid Ltd., England. Sensitivity to 14 different
antibiotics was tested on all isolates. The
following concentrations were used;
streptomycin 10 µg/disc (S10), trimethoprim
1.25 µg/disc (W1.25), sulphamethoxazole 25
µg/disc (RL25), tetracycline 30 µg/disc
(TE30), cefuroxime 30 µg/disc (CXM30),
ciprofloxacin 5 µg/disc (CIP5), ampicillin 10
µg/disc (AMP10), chloramphenicol 30 µg/
disc (C30), gentamicin 10 µg/disc (CN10),
rifampin 5 µg/disc (RD5), penicillin 10 µg/
disc (P10), nalidixic acid 30 µg/disc (NA30),
norfloxacin 10 µg/disc (NOR10),
erythromycin 15 µg/disc (E15). Results were
recorded by measuring the inhibition zones
as recommended by the National Committee
for Clinical Laboratory Standards (NCCLS,
2004).
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Antibiotic Resistance Clustering Analysis
Associations between the resistance profiles
obtained for each isolates were performed
using the software package BioNumerics
Version 4.5 (Applied Maths, Kortrijk, Belgium)
and employing Pearson correlation coefficient
and UPGMA for dendrogram construction
(Lopes et al., 2005). All the results obtained
were coded using ‘0’ for susceptible and
intermediate and ‘1’ for resistant phenotypes
for each antimicrobial drug.
ERIC-PCR
Cultures were grown in Luria Bertani broth at
37oC overnight. Template preparation was
carried out by the boiling method (Baumler
et al., 1997). The DNA extracts were amplified
using primers ERIC1 (ATGTAAGCTCCTG
GGGATTCAC) and ERIC2 (AAGTAAGTGA
CTGGGGTGAGCG) (Research Biolabs).
Amplification reactions were performed in 25
µl volume containing 2.5 µl 10X reaction
buffer, 1.5µl 2 mM MgCl2, 1 mM each of dNTP,
1.0 µl 5 µM each of the forward and reverse
primers, 0.5 µl 2.5 units of Taq DNA
polymerase and 2.0 µl  template DNA. The
ERIC – PCR amplification was performed
using a Perkin Elmer 2400 thermocycler. The
amplification reactions were started with pre-
denaturation at 94oC for 5 minutes, and 29
cycles of denaturation at 90oC for 30 seconds,
annealing at 55oC for 1 minute and extension
at 65oC for 4 minutes, followed by a final step
of elongation of 65oC for 8 minutes at the end
of the cycles. The PCR products were applied
to gel electrophoresis and were visualized
under UV transilluminator (SynGene Gel
Documentation System).
ERIC Analysis
The banding patterns of individual strains
were scored based on the presence or absence
of the bands, and were analyzed using the
RAPDistance Package Software (version 1.04)
program. The scoring was made in the form
of binary code with the score ‘1’ indicating
presence of band and’‘0’ the absence of band.
The data obtained were recorded and entered
in the software where a dendogram was
produced for further analysis. Clustering was
based on the unweighted pair of group average
method (UPGMA) and was performed with
the RAPDistance software.
RESULTS
A total of 14 antimicrobial agents were used
in this study. As shown in Table 1, isolates from
the clinical samples gave 12 antibiotic
resistance patterns while isolates from the
street foods samples produced only 10
antibiotic resistance patterns. The prevalence
of resistance to rifampin was highest (100%)
followed by er ythromycin and sulpha-
methoxazole (66.7% each). All serotypes
examined displayed resistance to either of
these antibiotics, while some serotypes were
resistant to both. It is worthy to note that more
of the street foods isolates displayed multiple
resistances when compared to the clinical
strains. 83.3% (10/12) of isolates from the
street foods samples were resistant to three or
more antibiotics, compared to only 75% (9/
12) of the clinical isolates. None of the isolates
were resistant to cefuroxime. Cluster analysis
with disk diffusion susceptibility results was
performed in order to investigate if resistance
to one antibiotic could be correlated with
resistance to another and to compare
resistance patterns among street food and
clinical Salmonella isolates.
From the antibiotic resistances
dendrogram in Figure 1, six clusters (T1 to
T6) corresponding to 24 strains could be
defined, with similarity levels ranging from
18.8% to 100%. T1 consisted of C5, C6, and
C8, which are all S. Typhi of clinical isolates.
T2 was generated from SF4 and SF6 (S.
Braenderup of street food isolates), and C3
and C9 (S. Typhimurium of clinical isolates).
T3 mainly consists of street food isolates, which
are SF2 (S. Biafra), SF3 (S. Braenderup), SF7
(S. Biafra), and SF9 (S. Biafra), with only one
clinical isolate which is C11 (S. Typhi). T4
contained C1 (S. Typhi) and C4 (S. Paratyphi
A) of clinical isolates, and SF5 (S. Biafra) and
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SF12 (S. Weltevreden) of street food isolates.
T5 once again consisted of mainly street food
isolates, namely SF1, SF8, SF10, and SF11,
which are all S. Biafra strains, and with only
C10 (S. Typhi) and C12 (S. Paratyphi B) from
clinical samples. T6 however consisted of only
clinical isolates, which are all S. Typhi strains
(C2 and C7).
Figure 2 shows clustering of antibiotic
agents studied based on the resistance patterns
of the Salmonella isolates towards the agents.
At 10% similarity, three clusters (T1 to T3)
could be defined, together with five single
isolates. At 24% similarity, T1 consisted of the
antibiotics nalidixic acid, gentamicin, and
sulphamethoxazole. T2 at 37.7% similarity
clustered streptomycin, trimethoprim, and
penicillin together. At 13.5% similarity, T3
contained chloramphenicol, tetracycline, and
ampicillin. The five single antibiotics are
nalidixic acid Group C
gentamicin Group B
sulphamethozazole
Streptpmycin
Group B
trimetoprim
penicillin Group A
chloramphenicol Group B
tetracycline
ampicillin Group A
erythromycin Group B
norfloxacin Group C
rifampin
cefuroxime Group A
ciprofloxacin Group C
* T1 to T3: Clusters
SF1 to SF12: Street food samples
C1 to C12: Clinical samples
er ythromycin, norfloxacin, rifampin,
cefuroxime, and ciprofloxacin.
ERIC-PCR fingerprinting of Salmonella
isolates from street food samples is shown in
Figure 3, in which 11 different banding
patterns were constructed. Meanwhile, ERIC
fingerprinting of Salmonella enterica isolated
from clinical samples is shown in Figure 4, and
9 banding patterns were produced. A total of
19 banding patterns were generated using
ERIC for the Salmonella spp. from both street
food and clinical samples. SF12 was untypable
using ERIC-PCR.
The ERIC dendrogram of S. Biafra from
street foods samples (Figure 5) produced 3
major clusters. Cluster I contained a single
isolate, SF1 (sambal ikan from Bahau, Negeri
Sembilan). Cluster II consisted of SF5 (sambal
ikan from Bahau, Negeri Sembilan), SF7
(sambal ikan from Bahau, Negeri Sembilan),
Figure 2: Dendrogram based on the numerical analysis of the resistance patterns to 14 antibiotics
of 24 Salmonella isolates from street food and clinical samples
ASEAN Food Journal Vol. 14, 161-173
Characterization of Salmonella enterica Isolated From Street Food and Clinical Samples in Malaysia      167
Figure 3: ERIC fingerprints of Salmonella isolates
from street food samples. Lane M contains 1 kb
marker. Lane 1: SF1, Lane 2: SF2, Lane 3: SF3,
Lane 4: SF4, Lane 5: SF5, Lane 6: SF6, Lane 7:
SF7, Lane 8: SF8, Lane 9: SF9, Lane 10: SF10,
Lane 11: SF11, Lane 12: SF12.
Figure 4: ERIC fingerprints of Salmonella isolates
from clinical samples. Lane M contains 1 kb
marker. Lane 13: C1, Lane 14: C2, Lane 15: C3,
Lane 16: C4, Lane 17: C5, Lane 18: C6, Lane 19:
C7, Lane 20: C8, Lane 21: C9, Lane 22: C10,
Lane 23: C11, Lane 24: C12.
10000bp
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2       3
2000bp
1000bp
500bp
M     1    2    3     4    5     6     7      8      9    10    11   12
10000bp
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1000bp
   M    13
500bp
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SF8 (sayur campur from Bahau, Negeri
Sembilan), and SF10 (sambal ikan from
Bahau, Negeri Sembilan), in which SF5 were
clustered away from SF7, SF8, and SF10. In a
smaller cluster, SF8 and SF10 were clustered
together away from SF7. Cluster III meanwhile
contained SF2 (sambal ikan from Bahau,
Negeri Sembilan), SF9 (ayam goreng from
Malacca Town, Malacca), and SF11 (sayur
campur from Bahau, Negeri Sembilan). In this
cluster, SF2 was a single isolate while SF9 and
SF11 were in the same minor cluster.
Meanwhile, the ERIC dendrogram of S.
Typhi from clinical samples (Figure 6)
generated 2 major clusters. Cluster I consisted
of C1 and C11, and Cluster II contained C2,
C5, C6, C7, C8, and C10. In Cluster I, C1 and
C11 were well differentiated. In Cluster II, C6
was a single isolate, clustering away from the
other strains. In the smaller cluster, C5 was
clustered away from C2, C7, C8, and C10 which
were 100% similar.
DISCUSSION
The worldwide overuse and misuse of
antimicrobials in human medicine, veterinary
medicine, agriculture and as prophylactic
supplements or growth promoters in the feed
of food animals has created enormous
pressure for the selection of antimicrobial
resistance among bacterial pathogens (WHO,
2000; Aarestrup et al., 2001). Hence, the
increasing prevalence of resistance among
microorganisms has become an increasingly
important public health problem which has
serious implications for treatment and
prevention of infectious diseases in both
human and animals (European Commission,
1999). This study is the first to report on
antimicrobial resistance in Salmonella enterica
from street food and clinical samples in
Malaysia.
In this study, all the encountered serotypes
were of Salmonella enterica, and to date,
Salmonella enterica is recognized as one of the
most common bacterial causes of foodborne
diarrheal illness worldwide (Butaye et al.,
2006). From the results, it was found that none
of the serovars involved in the clinical samples
were encountered in the street food samples.
However, the prevalence of Salmonella in the
street foods indicates their potential as vehicle
for human infection. In fact, Arumugaswamy
et al. (1995) reported the prevalence of S.
Paratyphi B in street foods in Malaysia, and
that S. Weltevreden found in street food
samples in this study is the third most
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frequently isolated serotype from humans. As
stated by Butaye et al. (2006), all Salmonella
serotypes may be regarded as potential human
pathogens, although the vast majority of
infections are caused by a very limited number
of serotypes.
As observed from the antibiotic resistance
dendrogram in Figure 1, generally, street food
and clinical strains tend to cluster apart. This
is shown in clusters T1 and T6, which only
consisted of clinical strains (S. Typhi), while
the remaining clusters are majority street food
strains. Isolates in Cluster T1 and T6 when
subjected to ERIC characterization, were
found to be clustering together in one major
cluster, in which this supports the relatedness
of the isolates in antibiotic resistance patterns.
It is worthy to note that more of the street foods
isolates displayed multiple resistances when
compared to the clinical strains.
Approximately 83.3% of isolates from
street foods were resistant to three or more
antibiotics, while clinical isolates only displayed
75% multiple resistances. Resistance genes can
be obtained by bacteria in a number of ways
including conjugation, transformation, and
transduction (Yan et al., 2003), which is
probably why in this study, it was observed that
the Salmonella serotypes encountered in street
food samples acquire resistance to antibiotics
Figure 5: ERIC dendrogram of S. Biafra from street food samples
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although they were not among the serotypes
usually found in clinical cases. As stated by Yan
et al. (2003), many resistance mechanisms are
acquired through mutation or acquisition of
antimicrobial resistance genes.
Antibiotic resistance is on the rise and it
has been suggested that it results from a variety
of factors including escalating use of broad-
spectrum antibiotic agents in human medical
practice, in animal health and in food
production, and also the increasing reservoirs
of pathogens among patients who are unable
to completely clear infections due to
underlying immune disorders. It was suggested
that the antibiotic resistance of isolates were
related to the possession of plasmids. Low
molecular weight plasmids are of unknown
role and function, but on the other hand, high
molecular weight plasmids have been reported
to affect the phenotype of S. Enteritidis,
including their virulence, phage type and
antibiotic resistance. Some examples of
plasmid encoded resistances have been
described (Rychlik et al., 2000). It was also
suggested that the bacteria owe their antibiotic
resistance to chromosomally encoded
characteristics, as reported by Threlfall et al.
(1994) in their study.
In the remaining antibiotic resistance
clusters, some clinical strains were clustered
Figure 6: ERIC dendrogram of S. Typhi from clinical samples
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together with street food strains. This was
observed in cluster T2 (50% street food, 50%
clinical, cluster T3 (80% street food, 20%
clinical), cluster T4 (50% street food, 50%
clinical), and cluster T5 (67% street food, 33%
clinical). This indicates that although
antibiotic prescriptions and administration
practices are different for the two set-ups, there
seems to be no barriers between both
environments.
Cluster T3 mainly consisted of street food
isolates but of different Salmonella serotypes,
with only one clinical isolate. SF3 (S.
Braenderup) and SF7 (S. Biafra) were 100%
similar and were clustered together with C11
(S. Typhi), SF2 and SF9 of S. Biafra. They share
the same resistance to rifampin and
sulphamethoxazole. Even though serotypes,
type of sample and location of sampling
differed, the 100% similarity between SF3 and
SF7 may be due to cross-resistance among
different serotypes. The ERIC dendrogram for
S. Biafra strains in this cluster showed that SF2
and SF9 were closely related, while SF7 was
only clustering together in a major cluster, in
concordance with their antibiotic resistance
profiles.
In T4, the street food and clinical isolates
that were clustered together are also of totally
different serotypes. Here, SF5 (S. Biafra), SF12
(S. Weltevreden), C1 (S. Typhi), and C4 (S.
Paratyphi A) showed the most number of
resistances, in which almost all the strains were
resistant to rifampin, erythromycin, penicillin,
streptomycin, and sulphamethoxazole. In this
cluster, SF5 and C1 showed the highest
percentage of similarity (86.1%) even though
of very different source of sample, in which
one is of street food and the other is of clinical
sample, most probably also due to cross-
resistance.
Cluster T5 on the other hand generally
consisted S. Biafra street food isolates (SF1,
SF8, SF10, and SF11), and only two clinical
isolates (C10 of S. Typhi and C12 of S.
Paratyphi B). Here, C10 and C12 are 100%
similar, sharing resistance to rifampin and
erythromycin, while SF1, SF8, and SF11 are
also 100% similar, with the same resistance to
rifampin, erythromycin, and penicillin. The
100% similarity between the strains may be
because they are from the same street food
samples.  From their ERIC discrimination
however, all S. Biafra strains in this cluster were
clustering away from each other, except for SF8
and SF10.
In Figure 2, the antibiotics can be grouped
according to classes based on their mode of
inhibition although not so evident: inhibition
of cell wall synthesis (A), inhibition of protein
synthesis (B), and inhibition of nucleic acid
synthesis (C). This is in concordance with the
finding reported by Lopes et al. (2005) in
which they stated that their antimicrobials
appeared to be grouped according to their
mode of inhibition, despite belonging to
different classes of antibiotics. The
dendrogram in Figure 2 revealed that the most
related compounds were chloramphenicol
and tetracycline (46.6% similarity) in T3,
which is acceptable as they both share the same
mode of inhibition (Group B). Ampicillin was
also grouped in this cluster at 13.5% similarity,
although of different mode of inhibition
(Group A), in which the explanation may be
due to cross-resistance. In T1, gentamicin
(Class aminoglycoside) of Group B is
clustering together with nalidixic acid (Class
quinolone) and sulphamethoxazole (Class
sulphonamide) of Group C. Surprisingly, T2
constituted streptomycin (Class amino-
glycoside, Group B), trimethoprim (Class
trimethoprim, Group C), and penicillin (Class
β-lactam penicillin, Group A). They are all of
very different group of antibiotics, but were
clustering together. Resistance to the
remaining antibiotics did not seem to be
related, with the exception of norfloxacin
which is clustered with T1 to T3 at 2.1%
similarity, and erythromycin which clustered
together at 6.9% similarity. As reported by
Sherley et al. (2000), co-resistance to more than
one antibiotic belonging to the same class may
be expected due to shared resistance
mechanisms, while correlation between
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unrelated antibiotics may reflect a shared
broad resistance mechanism.
When using ERIC-PCR to discriminate the
Salmonella isolates, a total of 19 different
banding patterns were constructed (Figure 3
and 4), showing the sensitivity of this method.
SF12 was untypable when subjected to ERIC,
possibly due to the loss or absence of the
specific sites for primer binding in the
chromosomal DNA. A combination of typing
methods would be beneficial. The ERIC
dendrogram of S. Biafra from the street foods
samples (Figure 5) showed that SF1 (sambal
ikan from Bahau, Negeri Sembilan) was
clustered further away from the other strains
of the same type of sample and location. The
other S. Biafra strains were observed to be
clustering together (SF5, SF7, SF8, SF10), in
concordance with the location of sample. Also
SF9 (ayam goreng from Malacca Town,
Malacca) and SF11 (sayur campur from Bahau,
Negeri Sembilan) were clustered together
although of very different type of sample and
location of sampling. The ERIC dendrogram
of S. Typhi from clinical samples (Figure 6)
showed that the clinical strains of S. Typhi were
different as well, although from the same
location of sampling, which indicated the
possibility of the patients getting the infections
at very different places and sources. Even
though most of the strains were well
differentiated, C2, C7, C8, and C10 were shown
to be 100% similar. These analyses showed a
high heterogeneity among the Salmonella
strains. They were able to be differentiated
even though identified as the same serotypes,
indicating the sensitivity of ERIC method in
differentiating the varying and unique strains.
The possible emergence of resistance
among salmonellae, isolated from humans or
food products, therefore justifies continued
surveillance. This applies to the Salmonella
enterica in this study, given their capacity for
dissemination and the inefficiency of
protective measures for control that might be
implemented locally. The potentials of other
antimicrobial agents including broad-
spectrum antibiotics for treatments of
salmonellosis should be investigated
(Shanahan et al., 1998). Unfortunately, the
expense of these antibiotics precludes their use
in developing countries. As all Salmonella
isolates in this study were susceptible to
cefuroxime, there is a potential for its usage
to treat salmonelllosis in future, if the costs
become less prohibitive. However further
extensive studies need to be done for
validation.
CONCLUSION
This study has highlighted that there is a high
percentage of antibiotic resistance in
Salmonella enterica isolated from street food
and clinical samples. Though the emergence
of resistant Salmonella spp. is suggested to be
due to the over usage of antibiotics in human
and veterinary medicine, agriculture and
animals food, the incidence of drug-resistant
Salmonella enterica in street food and clinical
samples may contribute to the incidences of
resistant Salmonella enterica in Malaysia. ERIC
proved to be a sensitive, stable, reproducible,
rapid and low cost typing method for improved
understanding of Salmonella enterica
characteristics. In order to control this
pathogen, continued sur veillance and
research on their antimicrobial resistance
patterns and epidemiology are needed.
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